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Reduction in risk of contrast-
induced nephropathy in patients
with chronic kidney disease and
diabetes mellitus by enhanced
external counterpulsation

Chun-Mei Zeng', Yan-Mei Zhao', Xin-Jing Zhong, Zi-Jia Wu,
Jing Bai, Shi-Yu Qiu and Yi-Yi Li*

Department of Cardiology, Yulin First People’'s Hospital (The Sixth Affiliated Hospital of Guangxi
Medical University), Yulin, China

Objective: To evaluate the efficacy of enhanced external counterpulsation
(EECP) in the prevention of contrast-induced nephropathy (CIN) in patients
with combined chronic kidney disease (CKD) and diabetes mellitus (DM) by
comparing the changes in renal function-related indicators in patients before
and after coronary angiography (CAG) or percutaneous coronary intervention
(PCI).

Methods: There were 230 subjects consecutively included in the study. Of
these, 30 cases with DM underwent rehydration therapy, and 200 cases
underwent EECP therapy in addition to rehydration therapy, comprising 53
patients with DM and 147 patients without. All the patients were tested to
measure the renal function indicators before and after CAG/PCI.

Results: The postoperative results of blood urea nitrogen (BUN), serum creatinine
(Scr), estimated glomerular filtration rate (eGFR), B2 microglobulin, and high-
sensitivity C-reactive protein in the three groups showed a statistically significant
difference (P < 0.05). After EECP therapy, patients with DM showed a significant
decrease in BUN (9.1 + 42 vs. 7.2 + 3.0, t = 3.899, P < 0.001) and a significant
increase in eGFR (415 + 12.7 vs. 44.0 + 156, t = —2.031, P = 0.047), while the
patients without DM showed a more significant difference (P < 0.001). Patients with
DM showed a lower percentage of elevated Scr (66.7% vs. 43.4%, P = 0.042), a
higher percentage of elevated eGFR (30.0% vs. 52.8%, P = 0.044), and a lower
incidence of CIN (16.7% vs. 3.8%, P = 0.042) after EECP therapy.

Conclusion: Treatment with EECP can reduce Scr in patients with combined
CKD and DM post CAG/PCI, increase eGFR, and decrease the incidence of CIN.

KEYWORDS

enhanced external counterpulsation, chronic renal disease, diabetes mellitus, CAG/
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Introduction

Contrast-induced nephropathy (CIN) is one of the three major
causes of hospital-acquired acute kidney injury (AKI) following renal
hypoperfusion and drug-induced injuries. It can increase the medical
costs of patients, extend the length of their hospital stay, and lead to a
poor long-term prognosis. The pathogenesis of CIN is associated
with ischemia and anoxia of renal medulla, direct toxicity of contrast
medium, oxidative stress, apoptosis, and immunity/inflammation
(1), and there are limited therapies for this disease. It is crucial to
identify the high-risk population for CIN and take preventive
measures. The risk factors of CIN include renal insufficiency,
diabetes mellitus (DM), old age, type and dose of contrast medium,
and cardio-cerebrovascular comorbidities. Patients with multiple risk
factors showed a significant increase in the incidence risk (2, 3).

Enhanced external counterpulsation (EECP) is a non-invasive
circulation-assisted device that is very effective in the prevention and
treatment of cardiovascular diseases, cardiac rehabilitation, etc. (4) It
improves the ischemia of organs and increases the quality of life of
patients. Past studies have demonstrated that EECP could decrease
renal vascular resistance and renin activity, increase renal blood flow
by 20%-30%, and increase estimated glomerular filtration rate
(eGFR) by 24% (5). Recent studies suggested possible benefits of
EECP in reducing the incidence risk of CIN (6). The study evaluates
the efficacy of EECP in the prevention of CIN after coronary
angiography (CAG) or percutaneous coronary intervention (PCI)
in the high-risk population of patients with chronic kidney disease
(CKD) and DM.

Materials and methods
Demographics and methods

A total of 230 patients aged 67.2 + 10.0 years with chronic renal
insufficiency undergoing CAG/PCI admitted to Yulin First People’s
Hospital from December 2020 to February 2022 were consecutively
included as the subjects in the present study. Of these, 36.1% had DM
and 62.6% underwent PCI. Thirty cases with DM underwent
rehydration therapy 6-12 h before and 6-12 h after CAG/PCI
(0.9% normal saline, 1.0-1.5 ml/kg/h; 0.5 ml/kg/h for patients with
left ventricular ejection fraction <35%). In addition to rehydration
therapy, 200 cases underwent EECP therapy, once per day, 1 h each
time, 24 h before and 48-72 h after CAG/PCI; this included 53
patients with DM and 147 patients without. All patients were tested
for the renal function indicators before and 48-72 h after CAG/PCIL.

Criteria for diagnosis, inclusion,
and exclusion

The diagnosis criteria for CIN was an absolute elevation in
serum creatinine (Scr) >0.5 mg/dL (44.2 umol/L) or a 25%
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elevation relative to baseline value (7) within 48-72 h after
iodinated contrast medium was used.

To facilitate earlier identification of acute renal impairment
in patients, the concept of AKI in Kidney Disease: Improving
Global Outcomes was also introduced, which is defined as an
absolute elevation in Scr of 0.3 mg/dL (26.5 umol/L) (8).

The inclusion criteria were as follows: (1) age: 218 years old,
(2) eGFR <60 ml/min/1.73 m?, (3) testing of the renal function
indicators within 72 h before the operation, and (4) patient was
informed and consent was obtained.

The exclusion criteria were as follows: (1) patients who had
used iodinated contrast medium 30 d before inclusion, (2)
patients with AKI due to other clear causes, (3) patients
requesting withdrawal, (4) patients who failed to receive the
re-examination of renal function indicators on time after
surgery, (5) patients who underwent hemodialysis within 48 h
after surgery, and (6) patients with uremia who received long-
term hemodialysis.

Statistical analysis

The SPSS™ Statistics 22.0 software was used for data
analysis. The enumeration data were expressed as [n (%)] and
the * test was used for comparison between groups. The
measurement data fitting the normal distribution were
expressed as + s, one-way analysis of variance was used for
comparison between groups, and the paired ¢-test was used for
comparison within groups. The measurement data not fitting the
normal distribution were expressed as median (first quartile,
third quartile) [M (Qr, Qu)], and the rank—sum test was used for
comparison between groups. A value of P < 0.05 denoted a
difference was statistically significant.

Results
Baseline data

There were no statistically significant differences in gender,
age, body mass index (BMI), comorbidities, preoperative renal
function indicators, and type of contrast media among the three
groups, and the data were comparable (Table 1).

Comparison of the postoperative
renal function indicators among
the three groups

Postoperative blood urea nitrogen (BUN), Scr, eGFR, B2
microglobulin, and high-sensitivity C-reactive protein in the three
groups showed statistically significant differences (P < 0.05). As
shown in the pairwise comparison of the three groups, no
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TABLE 1 Baseline data of patients.

Baseline data

Male [n (%)] 21 (70.0%)
Age (years) 64.7 £ 10.6
BMI (kg/m?) 240 + 2.5

11 (36.7%)
24 (80.0%)

Smoking [n (%)]
Hypertension [n (%)]

BUN (mmol/L)* 10.0 + 3.9
Scr (umol/L) 159.3 + 57.2
eGFR (ml/min/1.73m?) 41.8 +12.0

PCI [n (%)] 21 (70.0%)
Type of contrast medium
Isotonic [n (%)] 12 (40.0%)
18 (60.0%)

1000.0 (687.5,1000.0)

Hypotonic [n (%)]
Total rehydration
amount (ml)

Duration of 55.0

surgery (min) (25,73.5)

DM-+Rehydration (n = 30) DM+Rehydration+EECP (n = 53)

37 (69.8%)
665+ 10.9
245+ 36
10 (18.9%)
41 (77.4%)
9.1+42
1609 + 57.8
415+ 127
31 (64.2%)

24 (45.3%)

29 (54.7%)
1000.0 (1000.0,1000.0)

(24,80.5)

10.3389/fendo.2022.973452

Non-DM+Rehydration X/F/ P
+EECP z

(n= 147)

117 (79.6%) 2751 0253

68.0 £9.5 1503 0225

236 £3.5 1172 0312

46 (31.3%) 3.862  0.145

112 (76.2%) 0210 0.900

8231 5913 0.052

150.8 + 40.1 1103 0334

437 £11.1 0.885 0414

92 (62.6%) 0596 0.742

55 (37.4%) 1011 0.603
92 (62.6%)

1000.0 (1000.0,1000.0) 5565 0.062

50.0 50.0 1461 0.482
(25.0,67.0)

BMI, body mass index; BUN, blood urea nitrogen; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; PCI, Percutaneous coronary intervention; * denotes heterogeneity of

variance, rank-sum test; ° denotes M(QL,Qu).

differences were observed between DM + Rehydration and DM +
Rehydration + EECP or between DM + Rehydration + EECP and
non-DM + Rehydration + EECP (Table 2).

Comparison of the renal function
levels in the three groups before and
after the operation

There was no significant difference in BUN, Scr, and eGFR in the
DM + Rehydration group before and after the operation (P> 0.05). In
the DM + Rehydration + EECP treatment group, BUN decreased
significantly (9.1 £ 42 vs. 7.2 £ 3.0, t = 3.899, P < 0.001) and eGFR
increased significantly (41.5 + 12.7 vs. 44.0 + 15.6, t = -2.031, P =

0.047) after the operation, and these differences were more significant
between patients in the non-DM group (P < 0.001) (Table 3).

Comparison of the CIN risks in the
three groups

The changes of postoperative Scr and eGFR and the
incidences of AKI and CIN showed a statistically significant
difference in the three groups (P < 0.05). The pairwise
comparison demonstrated patients with DM had a lower rate
of increased Scr (66.7% vs. 43.4%, P = 0.042), a higher rate of
increased eGFR (30.0% vs. 52.8%, P = 0.044), and a lower
incidence of CIN (16.7% vs. 3.8%, P = 0.042) after EECP

TABLE 2 Comparison of postoperative renal function indicators among three groups.

Item DM-+Rehydration (n = 30) DM+Rehydration+EECP (n = 53) Non-DM+Rehydration+EECP F/Z p
(n = 147)

BUN(mmol/L)* 9.5+ 6.8 7.2 +3.0 6.5+ 2.4 11.884  0.003
Scr(umol/L) 164.5 + 63.3 157.6 + 69.5 142.4 + 392 3363 0.036
eGFR(ml/min/1.73m?) 40.7 + 132 44.0 + 15.6 473+ 132 3302 0.039
B2-microglobulin(mg/L) 43+ 16 41+18 32+1.2 24.835 <0.001
Cystatin(mg/L) 2.0+ 0.6 1.8+0.6 1.5+ 0.4 11793 <0.001
Retinol-binding 48.1 + 135 49.4 + 15.8 46.9 + 13.0 0.564  0.570
protein(mg/L)

Hs-CRP(mg/L)* 355 + 48.4 19.5 + 317 14.9 + 232 10.705  0.005

Hs-CRP, Hypersensitive C-reactive protein.
“denotes heterogeneity of variance, rank-sum test.
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TABLE 3 Comparison of renal function before and after surgery.

Group Item

DM-+Rehydration (n = 30) BUN (mmol/L)
Scr (umol/L)
eGFR (ml/min/1.73m?)
BUN (mmol/L)
Scr (umol/L)
eGFR (ml/min/1.73m")
BUN (mmol/L)
Scr (umol/L)
eGFR (ml/min/1.73m?)

DM+Rehydration+EECP (n = 53)

Non-DM+Rehydration+EECP (n = 147)

therapy. Among patients undergoing EECP therapy, the rate of
AKI was higher in patients with DM (13.2% vs. 2.0%, P =
0.001) (Table 4).

Discussion

The definition of CIN is an absolute elevation in Scr 0.5 mg/dL
(44.2 umol/L) or a 25% elevation relative to baseline within 48-72 h
after the use of iodinated contrast medium. The incidence of CIN
reported in different studies is associated with the definition, potential
renal impairment, type and dose of contrast medium, and other
concomitant factors (9). The incidence of CIN is <3% in patients with
normal renal function but up to 50% in patients with CKD. Following
the use of isotonic and hypotonic contrast media, the incidence of
CIN may be overestimated, but in patients adopting transarterial
administration and with eGFR <30 mL/min/1.73 m?, the incidence of
CIN still increased significantly (10).

A high-risk factor for CIN is DM, with the mechanism possibly
associated with increased oxidative stress, forceful contraction of
renal blood vessels, and signaling route induced apoptosis, under a

TABLE 4 Comparison of incidence of contrast-induced nephropathy.

Item

Change of BUN
15 (28.3%)
38 (71.7%)

Increase 10 (33.3%)

Decrease 20 (66.7%)
Change of Scr
23 (43.4%)

30 (56.6%)

Increase 20 (66.7%)

Decrease 10 (33.3%)

Change of eGFR

Increase 9 (30.0%) 28 (52.8%)

Decrease 21 (70.0%) 25 (47.2%)

AKI [n 7 (23.3%) 7 (13.2%)
(%)]

CIN [n 5 (16.7%) 2 (3.8%)
(%)]

10.3389/fendo.2022.973452

Preoperative Postoperative t p

10.0 + 4.0 95+68 0374 0711
159.3 + 57.2 164.5 + 63.3 -0.809 0.425
41.8 £ 12.0 40.7 + 13.2 0.564 0577

9.1+42 72%3.0 3.899 <0.001
160.1 + 57.8 157.6 + 69.5 0.769 0.445
415 + 127 44.0 £ 15.6 -2.031 0.047

82+3.1 6.5+24 8315 <0.001
150.8 + 40.1 1424 + 39.2 5.108 <0.001
437 £ 11.1 473 £132 -4.922 <0.001

high glucose condition (11). The incidence of CIN was only 2% in
patients without DM and with normal renal function, 16% in patients
with DM and normal renal function, and 38% in patients with DM
and renal insufficiency (12). Up to 56% of CIN cases developed to
irreversible renal failure.

Rehydration therapy is the standard care for CIN, but in the
present study, the incidence of CIN was 16.7% in patients with
DM after standard rehydration therapy, higher than the 6.77%
from previous studies (13) and similar to the result of Liang
(11.67%) (14) due to the subjects of the study having old age and
a high PCI rate. However, the effect of normal saline on the
prevention of CIN was contested in a study that concluded that
an intravenous drip of normal saline could not reduce the risk of
CIN (15). That study disrupted the existing knowledge and
suggests further consideration is needed.

The data on the effect of sodium bicarbonate on preventing CIN
was contradictory. The efficacy of statins in the prevention of CIN has
been widely acknowledged. As suggested in a meta-analysis,
rosuvastatin could decrease the incidence rate of CIN by 47%
(odds ratio [OR]: 0.53, 95% confidence interval [CI]: 0.40-0.71, P <
0.0001) (16). Sulthydryl in n-acetylcysteine is a good antioxidant and

DM-+Rehydration (n = 30) DM+Rehydration+EECP (n = 53) Non-DM+Rehydration+EECP (n = 147) xz P

32 (21.8%) 2245 0325
115 (78.2%)

51 (34.7%) 10721 0.005
96 (65.3%)
94 (63.9%) 12.189  0.002

53 (36.1%)

3 (2.0%) 19.906 <0.001

1 (0.7%) 18.984 <0.001

AKI, Acute kidney injury; CIN, Contrast induced nephropathy.
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agent for removing oxygen radicals at a low cost and with no adverse
reactions, so it is one option for the prevention of CIN (17). Currently,
no conclusive evidence is available to prove preventive hemodialysis
can prevent contrast-induced renal impairment, and the risk of
invasive operation cannot be neglected, so most scholars do not
recommend preventive hemodialysis (7).

Treatment with EECP is a safe, non-invasive extracorporeal
circulation method that is widely used for cardiac-cerebral vascular
diseases to reduce angina symptoms and the use of nitrates, increase
exercise tolerance, and improve myocardial ischemia (18). It could
also improve the quality of life of patients with cardiac failure (19),
and have a positive effect on the hemodynamics of the coronary and
carotid arteries (20, 21). However, there are few studies on the effect of
EECP on renal functions. Werner reported that EECP could
effectively increase renal excretion, renal blood flow, and eGFR (5).
Rua discovered that serum cystatin significantly decreased from 1.00
t00.94 mg/L (P < 0.001) and eGFR increased from 70.47 to 76.27 mL/
min/1.73 m* (P = 0.006) after EECP therapy (22).

A recent study suggested that EECP could increase the clearance
rate of the contrast medium and reduce the incidence of CIN (6).
First, EECP increases renal blood flow and decreases the plasma levels
of renin (5). The increase in renal blood flow is due to not only an
increase in renal perfusion pressure caused by increased blood return
to the heart, but also an increase in nitric oxide. A previous study has
shown that EECP increases the plasma concentrations of nitric oxide
and decreased plasma levels of endothelin-1, and improves the renal
function (23). Secondly, the increase in blood flow shear stress
induced by EECP improves the function and morphology of the
vascular endothelium and reduces oxidative stress and inflammatory
responses. Meanwhile, increased renal blood flow shear stress
induces the expression of nuclear factor erythroid-2-related factor
2 (Nrf2) in the proximal tubular epithelium (24), activates the Nrf2/
Sirtuin-3 (Sirt3)/superoxide dismutase 2 (SOD2) signaling pathway,
and improves the contrast-induced renal injury (25). Lastly, the
increase of atrial natriuretic peptide induced by EECP has a diuretic
effect (26), which improves the fluid shear stress of the kidney and
reduces the viscosity of the contrast medium, thereby alleviating
kidney damage caused by the contrast medium.

As demonstrated in the present study, after EECP treatment, the
incidence of CIN in patients with DM decreased to 3.8%, dropping by
77.2% as compared with those treated solely with rehydration, and
eGFR also increased by 2.5 ml/min/1.73m> Among patients without
DM, EECP showed a more significant effect, reducing Scr by 8.4
? after the
operation. It may become a new choice for the prevention of CIN.

pmol/L and increasing eGFR by 3.6 ml/min/1.73 m

However, there are some limitations in the present study. The
exact dose of the contrast medium was not recorded and was instead
evaluated indirectly by the duration of the operation. In this study,
not all the total amount of contrast media was recorded due to
different habits of interventional surgeons in writing surgical records.
Since the eGFR of the recruited patients was less than 60 mL/min/
1.73m’, the risk of CIN was high. To ensure the safety of patients, only
non-ionic contrast media were used, including iodixanol, omnipac,
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and ioversol. Lastly, the sample size was small, and the mechanism for
CIN prevention by EECP was not further examined.

Conclusion

It was demonstrated that EECP can reduce the Scr level in
patients with combined CKD and DM post CAG/PCI, increase
eGFR, and decrease the incidence of CIN.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by the Ethics Committee of Yulin First People’s
Hospital. The patients/participants provided their written
informed consent to participate in this study.

Author contributions

Conception and design of the research: C-MZ. Acquisition of
data: C-MZ, X-JZ, Z-JW, JB, and S-YQ. Analysis and interpretation
of the data: C-MZ and Y-MZ. Statistical analysis: C-MZ and Y-MZ.
Obtaining financing: C-MZ and Y-YL. Writing of the manuscript: C-
MZ. Critical revision of the manuscript for intellectual content: Y-YL.
All authors read and approved the final draft.

Funding

This work was supported by Health Committee of
Guangxi (N0.Z220210519).

Acknowledgments
We would like to acknowledge the hard and dedicated work

of all the staff that implemented the intervention and evaluation
components of the study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fendo.2022.973452
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zeng et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. ZhangF, Lu Z, Wang F. Advances in the pathogenesis and prevention of contrast-
induced nephropathy. Life Sci (2020) 259:118379. doi: 10.1016/j.1£5.2020.118379

2. Shams E, Mayrovitz HN. Contrast-induced nephropathy: A review of
mechanisms and risks. Cureus (2021) 13(5):e14842. doi: 10.7759/cureus.14842

3. Zhang J, Li ], Huang JQ. Network meta-analysis of four Chinese patent
medicines combined with angiotensin converting enzyme inhibitors or angiotensin
receptor blockers in early diabetic nephropathy treatment. World J Tradit Chin
Med (2020) 6:51-60. doi: 10.4103/wjtcm.wjtcm_41_19

4. Lin S, Xiao-Ming W, Gui-Fu W. Expert consensus on the clinical application
of enhanced external counterpulsation in elderly people (2019). Aging Med
(Milton). (2020) 3(1):16-24. doi: 10.1002/agm2.12097

5. Werner D, Trigner P, Wawer A, Porst H, Daniel WG, Gross P. Enhanced
external counterpulsation: a new technique to augment renal function in liver
cirrhosis. Nephrol Dial Transpl. (2005) 20(5):920-6. doi: 10.1093/ndt/gfh755

6. Zhang X, Yao C, Xiao Q, Wu J, Wu G. Enhanced external counterpulsation:
A new method to alleviate contrast-induced acute kidney injury. Contemp. Clin
Trials. (2022) 113:106653. doi: 10.1016/j.cct.2021.106653

7. Hossain MA, Costanzo E, Cosentino ], Patel C, Qaisar H, Singh V, et al.
Contrast-induced nephropathy: Pathophysiology, risk factors, and prevention.
Saudi ] Kidney Dis Transpl. (2018) 29(1):1-9. doi: 10.4103/1319-2442.225199

8. Mercado MG, Smith DK, Guard EL. Acute kidney injury: Diagnosis and
management. Am Fam. Phys. (2019) 100(11):687-94.

9. NabiZ, Anjum N, Rashid RM, Zahideen ZU. Contrast induced nephropathy in high
risk patients - myth or reality. ] Ayub Med Coll Abbottabad. (2021) 33(4):568-71.

10. Muioz de Bustillo Llorente E, de Miguel Balsa E. Radiological iodinated
contrast-induced nephropathy. Rev Clin Esp (Barc). (2019) 219(7):403-10.
doi: 10.1016/j.rce.2018.09.004

11. Li Y, Ren K. The mechanism of contrast-induced acute kidney injury and its
association with diabetes mellitus. Contrast Media Mol Imaging. (2020)
2020:3295176. doi: 10.1155/2020/3295176

12. Lautin EM, Freeman NJ, Schoenfeld AH, Bakal CW, Haramati N, Friedman
AC, et al. Radiocontrast-associated renal dysfunction: incidence and risk factors.
AJR Am ] Roentgenol. (1991) 157(1):49-58. doi: 10.2214/ajr.157.1.2048539

13. Wang L, Xu E, Ren S, Gu X, Zheng J, Yang J. Reduced glutathione does not
further reduce contrast-induced nephropathy in elderly patients with diabetes
receiving percutaneous coronary intervention. J Int Med Res (2020) 48
(11):300060520964017. doi: 10.1177/0300060520964017

14. Liang M, Yang S, Fu N, Lu C, Tian F, Xing X, et al. Efficacy of alprostadil in
preventing contrast-induced nephropathy in patients undergoing percutaneous
coronary intervention: A multicenter prospective randomized controlled trial.
Catheter. Cardiovasc Interv. (2018) 91(4):742-50. doi: 10.1002/ccd.27353

15. Nijssen EC, Rennenberg R], Nelemans PJ, Essers BA, Janssen MM,
Vermeeren MA, et al. Prophylactic hydration to protect renal function from

Frontiers in Endocrinology

06

10.3389/fendo.2022.973452

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

intravascular iodinated contrast material in patients at high risk of contrast-
induced nephropathy (AMACING): a prospective, randomised, phase 3,
controlled, open-label, non-inferiority trial. Lancet (2017) 389(10076):1312-22.
doi: 10.1016/S0140-6736(17)30057-0

16. Zhang ], Guo Y, Jin Q, Bian L, Lin P. Meta-analysis of rosuvastatin efficacy
in prevention of contrast-induced acute kidney injury. Drug Des Devel Ther (2018)
12:3685-90. doi: 10.2147/DDDT.S178020

17. Ershad M, Naji A, Vearrier D. N acetylcysteine. 2021 jun 29. in: StatPearls.
In: Treasure island (FL). StatPearls Publishing (2022). Available at: https://pubmed.
ncbi.nlm.nih.gov/30725868/.

18. Caceres J, Atal P, Arora R, Yee D. Enhanced external counterpulsation: A
unique treatment for the "No-option" refractory angina patient. J Clin Pharm Ther
(2021) 46(2):295-303. doi: 10.1111/jcpt.13330

19. Zhou ZF, Wang DJ, Li XM, Zhang CL, Wu CY. Effects of enhanced external
counterpulsation on exercise capacity and quality of life in patients with chronic
heart failure: A meta-analysis. Med (Baltimore). (2021) 100(27):e26536.
doi: 10.1097/MD.0000000000026536

20. Xu L, Chen X, Cui M, Ren C, Yu H, Gao W, et al. The improvement of the
shear stress and oscillatory shear index of coronary arteries during enhanced
external counterpulsation in patients with coronary heart disease. PloS One (2020)
15(3):€0230144. doi: 10.1371/journal.pone.0230144

21. Tian S, Pan W, Peng J, Wang H, Deng B, Liang Y, et al. Hemodynamic
responses in carotid bifurcation induced by enhanced external counterpulsation
stimulation in healthy controls and patients with neurological disorders. Front
Physiol (2021) 12:717080. doi: 10.3389/fphys.2021.717080

22. Ruangkanchanasetr P, Mahanonda N, Raungratanaamporn O, Ruckpanich
P, Kitiyakara C, Chaiprasert A, et al. Effect of enhanced external counterpulsation
treatment on renal function in cardiac patients. BMC Nephrol. (2013) 14::193.
doi: 10.1186/1471-2369-14-193

23. Akhtar M, Wu GF, Du ZM, Zheng ZS, Michaels AD. Effect of external
counterpulsation on plasma nitric oxide and endothelin-1 levels. Am ] Cardiol
(2006) 98(1):28-30. doi: 10.1016/j.amjcard.2006.01.053

24. Fukuda Y, Kaishima M, Ohnishi T, Tohyama K, Chisaki I, Nakayama Y,
et al. Fluid shear stress stimulates MATE2-K expression via Nrf2 pathway
activation. Biochem Biophys Res Commun (2017) 484(2):358-64. doi: 10.1016/
j.bbrc.2017.01.124

25. Zhou Q, Wang X, Shao X, Wang H, Liu X, Ke X, et al. tert-
butylhydroquinone treatment alleviates contrast-induced nephropathy in rats by
activating the Nrf2/Sirt3/SOD2 signaling pathway. Oxid Med Cell Longev (2019)
2019:4657651. doi: 10.1155/2019/4657651

26. Taguchi I, Ogawa K, Oida A, Abe S, Kaneko N, Sakio H. Comparison of
hemodynamic effects of enhanced external counterpulsation and intra-aortic
balloon pumping in patients with acute myocardial infarction. Am J Cardiol
(2000) 86(10):1139-41, A9. doi: 10.1016/s0002-9149(00)01175-9

frontiersin.org


https://doi.org/10.1016/j.lfs.2020.118379
https://doi.org/10.7759/cureus.14842
https://doi.org/10.4103/wjtcm.wjtcm_41_19
https://doi.org/10.1002/agm2.12097
https://doi.org/10.1093/ndt/gfh755
https://doi.org/10.1016/j.cct.2021.106653
https://doi.org/10.4103/1319-2442.225199
https://doi.org/10.1016/j.rce.2018.09.004
https://doi.org/10.1155/2020/3295176
https://doi.org/10.2214/ajr.157.1.2048539
https://doi.org/10.1177/0300060520964017
https://doi.org/10.1002/ccd.27353
https://doi.org/10.1016/S0140-6736(17)30057-0
https://doi.org/10.2147/DDDT.S178020
https://pubmed.ncbi.nlm.nih.gov/30725868/
https://pubmed.ncbi.nlm.nih.gov/30725868/
https://doi.org/10.1111/jcpt.13330
https://doi.org/10.1097/MD.0000000000026536
https://doi.org/10.1371/journal.pone.0230144
https://doi.org/10.3389/fphys.2021.717080
https://doi.org/10.1186/1471-2369-14-193
https://doi.org/10.1016/j.amjcard.2006.01.053
https://doi.org/10.1016/j.bbrc.2017.01.124
https://doi.org/10.1016/j.bbrc.2017.01.124
https://doi.org/10.1155/2019/4657651
https://doi.org/10.1016/s0002-9149(00)01175-9
https://doi.org/10.3389/fendo.2022.973452
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Reduction in risk of contrast-induced nephropathy in patients with chronic kidney disease and diabetes mellitus by enhanced external counterpulsation
	Introduction
	Materials and methods
	Demographics and methods
	Criteria for diagnosis, inclusion, and exclusion
	Statistical analysis

	Results
	Baseline data
	Comparison of the postoperative renal function indicators among the three groups
	Comparison of the renal function levels in the three groups before and after the operation
	Comparison of the CIN risks in the three groups

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


